Abstract. Effects of harvest time (morning, noon, or afternoon) on water uptake, fresh weight changes, termination symptoms, leaf relative water content (LRWC), carbohydrate status, and vase life of cut 'ABC Purple' lisianthus (Eustoma grandiflorum Salisb.), 'Double Eagle' African Gold Coin Series marigold (Tagetes erecta L.), and 'Deep Red' Benary's Giant Series zinnia (Zinnia elegans Jacq.) were studied. For stems of lisianthus harvested and then stored in the dark with the basal ends in water for 2 weeks at 3 ± 1 8C, those harvested at noon (1200 HR to 1300 HR) or in the afternoon (1700 HR to 1800 HR) had longer vase life compared with stems harvested in the morning (0700 HR to 0800 HR). However, stems of lisianthus evaluated without storage had no differences in vase life. Stems of marigold harvested in the afternoon had longer vase life than morning-or noonharvested stems. Time of harvest had no effect on cut flower longevity of zinnia. However, vase life was considerably shorter for stems of all species when tested after 2 weeks storage compared with freshly harvested stems. Stems of zinnia harvested at noon had lower LRWC than morning-or afternoon-harvested stems. Marigold stems harvested in the afternoon and evaluated without storage had lowest LRWC on Day 7 of vase life. Harvest time or storage did not influence LRWC of lisianthus. Stems of marigold and lisianthus harvested at noon or in the afternoon had higher levels of carbohydrates compared with morning-harvested stems, whereas freshly harvested stems had higher concentrations of glucose and sucrose, which decreased during storage or the vase period. Sucrose concentrations varied more significantly among various tissues than other sugars presumably as a result of translocation during vase life. In summary, carbohydrate status of stems harvested at different times of the day varied greatly and affected postharvest longevity of cut marigold and lisianthus, but not zinnia.
Many post-production factors affect vase life of cut flowers including developmental stage at harvest, temperature during the vase period, water loss, and various aspects of the vase solution such as sucrose levels, microbial populations, pH, electrical conductivity (EC), and overall water quality (Sacalis, 1993) . To maintain flower quality, studies have focused on storage (Ahmad et al., 2012; C xelikel and Reid, 2002; Jones et al., 2004) , floral preservatives (Doi and Reid, 1995; Elhindi, 2012; Gast, 1997) , or use of ethylene inhibitors, e.g., silver thiosulfate and 1-methylcyclopropene (Blankenship and Dole, 2003; Chamani et al., 2005) , nano-silver (Kim et al., 2005; Liu et al., 2012) , and other commercial antiethylene agents (Staby et al., 1993) . However, postharvest longevity of cut flowers is also affected by a variety of both preharvest (e.g., harvest season, solar radiation, temperature, relative humidity, water, and mineral nutrient stress) (Halevy and Mayak, 1979; Reid and Jiang, 2012; Slootweg, 2005) and postharvest (e.g., harvest stage, harvest procedures, ethylene, vase water quality, preservatives, storage method and duration, etc.) factors (Halevy and Mayak, 1981; Marissen and Benninga, 2001; van Doorn, 2012) . In addition to the aforementioned factors, the time of the day when stems are harvested may be a potentially important consideration (Clarkson et al., 2005; Hasperué et al., 2011; Rapaka et al., 2007) .
Generally, stems are harvested by growers in the morning allowing more time for processing and marketing and to avoid field heat, which preserves quality and minimizes transpiration and thereby desiccation. However, for many species, morning harvest may not be the proper time because many plant physiological processes change diurnally and can affect postharvest longevity of cut stems. For instance, diurnal variations in ascorbic acid levels of spinach (Spinacea oleracea L.) (Kiyota et al., 2006) and chlorophyll precursors in bean (Phaseolus vulgaris L.) (ArgyroudiAkoyunoglou and Prombona, 1996) have been reported. However, the most pronounced effect of diurnal fluctuations has been observed on carbohydrate metabolism in plants (Hasperué et al., 2011) . Changes in solar radiation greatly affect endogenous carbohydrate reserves, which accumulate during the day and are remobilized by the end of the dark period (Sicher et al., 1984) .
Harvesting later in the day compared with morning harvesting increased shelf life considerably for leaves of basil (Ocimum basilicum L.) (Lange and Cameron, 1994) , baby salad [Eruca vesicaria (L.) ssp. Sativa (Mill.)] Thell. (Clarkson et al., 2005) , and unrooted shoot-tip cuttings of lantana (Lantana comara L.) (Rapaka et al., 2007) . These variations in shelf life were attributed to varying carbohydrate levels and diurnal changes in plant metabolic processes.
Genotype and environmental conditions can also impact postharvest longevity. Cultivars of lettuce (Lactuca sativa L.) harvested at different times during the day have varying postharvest quality (Moccia et al., 1998) . Butterhead lettuce had the best quality when harvested later in the day, whereas Latin-type lettuce had the best quality when harvested in early morning. Moreover, fluctuations in carbohydrate levels of field-grown crisphead lettuce have been observed between morning and afternoon harvests (Forney and Austin, 1988) . Crisphead lettuce harvested in the afternoon had higher sucrose than morning harvests, whereas glucose and fructose were greater in morning harvests. Soluble sugars like sucrose act as signaling molecules for plants under stress and move between cells causing fluctuations in sugar concentrations during senescence (Chuang and Chang, 2013) . Moreover, sucrose application reduced ethylene responsiveness in florets of broccoli (Brassica oleracea L.) and carnation (Dianthus caryophyllus L.) flowers (Nishikawa et al., 2005; Verlinden and Garcia, 2004) . These diurnal plant carbohydrate changes can greatly affect postharvest longevity of cut flowers. However, limited information is available on the effects of time of harvest on extending postharvest performance (vase life) of particular ornamental crops. Therefore, the following study was conducted to define time of harvest requirements for extending longevity and maintaining quality with or without storage of three popular specialty cut flowers. Storage of cut stems was included in the studies to determine the physiological changes in different sugars taking place during storage and the vase period. Moreover, storage of cut flowers is an essential practice used to extend availability and prolong freshness of cut flowers; therefore, it is necessary to quantify the metabolism of sugars during storage.
The objectives of the present investigation were to 1) study effects of harvesting at different times of the day on water uptake, changes in fresh weight, termination symptoms, LRWC, carbohydrates status, and vase life of cut 'ABC Purple' lisianthus (Eustoma grandiflorum), 'Double Eagle' African Gold Coin Series marigold (Tagetes erecta), a major flower species in the Indo-Pak subcontinent, and 'Deep Red' Benary's Giant Series zinnia (Zinnia elegans), one of the top three field specialty cut species in the United States; and 2) assess possible mechanisms affecting vase life of fresh or stored cut stems by evaluating changes in water relations and carbohydrate levels. It was hypothesized that harvesting stems in the morning may reduce vase life of lisianthus, marigold, and zinnia.
Materials and Methods
Research was conducted at the Postharvest Laboratory, Department of Horticultural Science, North Carolina State University, Raleigh, and the Horticulture Field Laboratory, Raleigh. In Summer 2011, lisianthus, marigold, and zinnia were field-grown using standard commercial practices. For each species, stems were harvested at various times on the same day, morning (0700 HR to 0800 HR), noon (1200 HR to 1300 HR), or afternoon (1700 HR to 1800 HR), placed in buckets containing tap water, and transported to the postharvest laboratory within 1 h of harvest. On the days of harvest, maximum, minimum, and average temperatures were 32.9, 20.7, and 25 ) or placed in buckets containing tap water and stored for 2 weeks in the dark at 3 ± 1°C followed by placement in vases for evaluation. Cut stems were stored to determine the metabolism of sugars during that commonly used practice for extending availability and vase life. Each treatment had five replications of three stems per vase. Ten additional stems per treatment were used for measuring LRWC and carbohydrate levels. Vases with cut stems were arranged on benches in completely randomized designs in a postharvest evaluation room. The room was maintained at 20 ± 2°C with 40% to 60% relative humidity and a 12-h photoperiod provided by cool-white fluorescent lamps. The lamps provided a photosynthetic photon flux of 20 mmol · m -2 · s -1 as measured at bench level with a 1078 QMSW Quantum meter (Apogee Instruments, Inc., Logan, UT).
Data collected included water uptake (measured from all vases when first stem in the entire experiment was ended); initial fresh weight (measured before placing stems in vases) and termination fresh and dry weight (dried at 70°C for 72 h) of an initially designated one stem per vase; pH and EC changes (for each vase); LRWC (Day 0 or 7 after beginning of vase life determination); carbohydrate contents (mg · g -1 fresh weight) of stem, leaf, and petal tissues (Day 0 or 7 after beginning of vase life determination); symptoms of termination for all stems; and vase life. Vase life was determined as the duration from placement of stems in vases to the time when individual stems of each species had developed one or more of the termination symptoms on 50% or greater of the stem. LRWC was determined following procedures of Smart and Bingham (1974) using the formula: LRWC (%) = (fresh weightdry weight)/(turgid fresh weight -dry weight) · 100. For measurements of LRWC, samples were collected at harvest, packed in sealed polyethylene bags, and stored in a cooler with ice until measurements were taken. Turgid fresh weight was recorded after storage of samples in ice cold water and held in a refrigerator for 4 h. When recording turgid fresh weight, leaf samples were gently blotted with tissue paper to remove extra moisture and weighed. Afterward, the samples were placed in an oven at 70°C for 72 h for dry weight determination. Symptoms of termination were recorded as present or not present and included petal browning, fading, necrosis, or wilting; stem bent neck and/or leaf wilting for lisianthus; petal browning, drying, shedding, head collapse, or wilting; stem bent neck or adventitious rooting and/or Stems were harvested at three different times of the day (0700 HR to 0800 HR, 1200 HR to 1300 HR, or 1700 HR to 1800 HR), placed in buckets containing tap water, transported to the laboratory within 1 h of harvest, sorted on the basis of stage of development, stem caliper, and number of opened flowers, labeled, and either stored in the dark at 3 ± 1°C for 2 weeks in buckets containing tap water or placed in a postharvest evaluation laboratory in vases containing 300 mL tap water with three stems per vase. Data for water uptake represent means of five vases, whereas all other data represent means of 15 stems with three stems per vase. y Number of opened flowers at termination minus number of opened flowers at harvest.
x Percentage of stems exhibiting symptoms. w Mean separation within columns by Fisher's least significant difference at P # 0.05. v P values were obtained using General Linear Models procedures of SAS (Version 9.1; SAS Inst., Inc., Cary, NC). NS = Nonsignificant at P > 0.05.
leaf wilting for marigold; and petal blackening/necrosis, drying, fading, or wilting, stem collapse, and/or leaf wilting for zinnia. The condition was recorded as present if it occurred on at least one petal, leaf, or bud and stems were ended when they developed one or more of the aforementioned symptoms. The experiments with marigold and zinnia were also repeated for confirmation of results. For carbohydrate determinations, three additional stems per treatment were used on Day 0 or 7 of vase life. The stems that had been treated as described and hydrated in tap water for 2 h were sectioned into stem, leaves, and petals and stored at -80°C for later carbohydrate extraction and analysis. Approximately 500 mg of each sample was extracted in 3 mL 80% ethanol (EtOH). Samples were vortexed to suspend the tissues, placed in a sonicating water bath, and heated at 80°C for 5 min. Heated samples were centrifuged at 3000 g n for 5 min at 4°C. The supernatant was removed to a new Fig. 1 . Effect of daily harvest time (0700 HR to 0800 HR, 1200 HR to 1300 HR, or 1700 HR to 1800 HR), storage duration (no storage or 2 weeks), and day of sampling after beginning of vase life determination (Day 0 or 7) on glucose (A-B), sucrose (C-D), and fructose (E-F) levels in stem, leaf, and petal tissues of 'ABC Purple' lisianthus. Each bar is a mean of three observations. A bar without an asterisk indicates nonsignificant and *, **, or *** indicate significant at P # 0.05, 0.01, or 0.001, respectively.
labeled tube, and the pellet was resuspended in 3 mL 80% EtOH, vortexed, sonicated, heated at 80°C in a water bath, centrifuged, and the supernatant recovered two more times. Combined supernatants (9 mL) were evaporated in a rotary evaporator (Integrated SpeedVac concentrator, ISS110; Savant Instruments, Inc., Holbrook, NY) and stored at -20°C. For analysis, dried samples were reconstituted in 1 mL distilled water and centrifuged to remove remaining particulate matter. Aliquots (600 mL) of the supernatant were dispensed into high-performance liquid chromatography (HPLC) vials. Carbohydrates were separated by HPLC (LaChrom 
Stems were harvested at three different times of the day (0700 HR to 0800 HR, 1200 HR to 1300 HR, or 1700 HR to 1800 HR), placed in buckets containing tap water, transported to the laboratory within 1 h of harvest, sorted on the basis of stem caliper, stage of development, and number of opened flowers (lisianthus only), labeled, and either stored in the dark at 3 ± 1°C for 2 weeks in buckets containing tap water or placed in a postharvest evaluation laboratory in vases containing 300 mL tap water with three stems per vase. Samples were prepared on Day 0 or 7 of vase life, extracted with 80% ethanol, and analyzed by high-performance liquid chromatography. P values were obtained using General Linear Models procedures of SAS (Version 9.1; SAS Inst., Inc., Cary, NC). NS = Nonsignificant at P > 0.05. Elite, Hitachi, Pleasanton, CA) using an isocratic gradient of distilled water with a flow rate of 0.4 mL · min -1 at 2688.9 to 2895.8 kPa (390 to 420 psi) back pressure and a BP-100 Ca 2+ carbohydrate guard column (Benson Polymeric Inc., Reno, NV). Individual carbohydrates were identified by comparison with standards and quantified by calculating a ratio of peak height of the unknown to the peak height of the sugar standard of known concentration (Locke, 2010) . Data were subjected to analysis of variance procedures using General Linear Models procedures of SAS (Version 9.1; SAS Inst., Inc., Cary, NC) and means were separated by Fisher's least significant difference at P # 0.05.
Results
Lisianthus. Stems of lisianthus had longer vase life when harvested at noon or in the afternoon and stored for 2 weeks compared with morning-harvested stems treated similarly (Table 1) . However, freshly harvested stems had similar vase life regardless of harvest time. On average, storage reduced vase life considerably from 10.8 to 5.6 d. Harvest time and storage had no effects on fresh and dry weights at termination and fresh weight change, which averaged 9.0, 2.1, and 2.7 g, respectively.
Stems of lisianthus harvested in the afternoon had greater water uptake (25.0 mL) compared with morning-or noon-harvested stems, 20.2 and 19.4 mL, respectively, when evaluated fresh (Table 1) . Stored stems had similar but lower water uptake than afternoonharvested fresh stems. Stems harvested in afternoon and then stored for 2 weeks had a greater number of flowers opened during the vase period than morning-or noonharvested stems, whereas those evaluated fresh had similar number of opened flowers during the vase period (Table 1) . Harvest time had no effect on vase water pH change; however, vase water of afternoon-harvested stems had a greater increase in EC than vase water of morning-harvested stems. Moreover, vase water of stored stems had a greater decrease in pH (0.3 units) than fresh stems (0.0 units), whereas vase water of freshly harvested stems had a greater increase in EC (0.04 dS · m ). Stems harvested at noon had less petal fading compared with morning-or afternoonharvested stems (Table 1) . Storage reduced petal wilting of stems harvested at noon and petal fading of stems harvested at noon or in the afternoon, although fresh stems had similar petal wilting and fading. Morning-harvested stems had less bent neck than noon-or afternoon-harvested stems when evaluated fresh. Fresh stems harvested late in the day had less leaf wilting compared with stored stems harvested at noon or morning.
Harvest time or storage for 2 weeks had no effect on LRWC (data not presented). Higher glucose and sucrose levels were present in stems harvested at noon or afternoon, whereas fructose was greater in stems harvested in the morning (Fig. 1) . Substantial changes in the carbohydrate profile of the various tissues were observed over the first 7 d of vase life. Freshly harvested tissues had higher glucose, sucrose, and fructose levels, which decreased during storage and vase life except glucose in petals, which increased during vase life. During storage, a substantial decrease of glucose and sucrose in stems and leaves mirrored an increase of these sugars in petals. Among fresh stems sampled on Day 0 of vase life, petals of noon-or afternoonharvested stems had higher levels of glucose, and leaves and petals of noon-harvested stems had higher sucrose levels. However, on Day 7 of vase life, stem tissues of noon-or afternoon-harvested stems had higher sucrose levels. Fructose was lowest in noon-and afternoon-harvested petal tissues. In lisianthus, variations in sucrose levels were statistically significant among the various plant tissues (Table 2) .
Marigold. In contrast to morning-or noon-harvested stems, those harvested in the afternoon had the longest vase life when evaluated fresh or after 2 weeks' storage (12.3 or 7.6 d, respectively) ( Table 3) . Stems harvested at different times of the day had similar fresh weight change. Termination fresh weight, however, increased for the fresh stems but decreased for stored stems during vase life. All stems had similar termination dry weight irrespective of harvest time and storage and averaged 2.6 g.
Fresh stems harvested in the morning had greater water uptake (118.8 mL) than afternoon-or noon-harvested stems (108.2 and 107.8 mL, respectively; Table 3 ). Stored stems had similar water uptake regardless of the harvest time. Harvest time had no effect on pH change of vase water; however, vase water of noon-or afternoon-harvested stems had a greater increase in EC than vase water containing morning-harvested stems. Moreover, pH of vase water of the stored stems increased (0.1 units), whereas with fresh stems decreased (0.3 units). Vase water EC of stored stems had a greater increase (0.23 dS · m -1 ) compared with vase water of fresh stems (0.13 dS · m -1 ). Stems harvested at noon or in the afternoon and evaluated without storage had higher petal wilting and blackening (Table  3) . Stored stems had similar petal wilting for all harvest times, whereas afternoonharvested stored stems had less petal blackening. Afternoon-harvested stems had turgid flower petals with less head collapse compared with morning-or noon-harvested stems, which further decreased with storage. Fresh stems had no bent neck, whereas storage increased bent neck in stems harvested in the morning compared with stems harvested at noon or in the afternoon. Adventitious roots developed at the basal ends of fresh stems during the vase period, irrespective of harvest time (Table 3) . Stored stems had no roots even at the end of vase life.
Afternoon-harvested stems had the lowest LRWC when not stored (Table 4 ). In addition, during the first 7 d of vase life, LRWC greatly increased for unstored stems harvested in the morning and decreased for afternoon-harvested stems. Stems harvested at noon or in the afternoon had higher glucose, sucrose, and fructose concentrations compared with stems harvested in early morning (Fig. 2 ). Stems and leaves had higher sucrose, whereas glucose and fructose were higher in petals. During storage and/or the first 7 d of vase life, a considerable decrease in soluble sugars was observed in stems, presumably as a result of either depletion by metabolic activities or translocation to other tissues. --z Stems were harvested at three different times of the day (0700 HR to 0800 HR, 1200 HR to 1300 HR, or 1700 HR to 1800 HR), placed in buckets containing tap water, transported to the laboratory within 1 h of harvest, sorted on the basis of stage of development and stem caliper, labeled, and either stored in the dark at 3 ± 1°C for 2 weeks in buckets containing tap water or placed in a postharvest evaluation laboratory in vases containing 300 mL tap water with three stems per vase. Data represent means of five stems. y Mean separation within columns by Fisher's least significant difference at P # 0.05. x Stems died before data collection. w P values were obtained using General Linear Models procedures of SAS (Version 9.1; SAS Inst., Inc., Cary, NC). NS = Nonsignificant at P > 0.05.
Flower petals of stored stems had higher sugar levels than stems or leaves. Petals of stems harvested at noon or afternoon had greater glucose, sucrose, and fructose than petals of morning harvests. Moreover, leaves of noon-harvested stems had higher sucrose concentration on Day 0 of vase life. Petals of marigold had significantly higher glucose, sucrose, and fructose and overall, all sugars were significantly variable among stem, leaf, and petal tissues (Table 2) .
Zinnia. Time of harvest had no effect on vase life of zinnia, whereas storage greatly reduced longevity (Table 5) . Fresh stems harvested in the afternoon had smaller fresh weight change compared with morning-harvested stems. Stored stems had similar fresh weight change. Harvest time and storage had no effect on dry weight of stems, which averaged 2.2 g.
Stems harvested in the afternoon had higher water uptake compared with stems harvested in Fig. 2 . Effect of daily harvest time (0700 HR to 0800 HR, 1200 HR to 1300 HR, or 1700 HR to 1800 HR), storage duration (no storage or 2 weeks), and day of sampling after beginning of vase life determination (Day 0 or 7) on glucose (A-B), sucrose (C-D), and fructose (E-F) levels in stem, leaf, and petal tissues of 'Double Eagle' marigold. Each bar is a mean of three observations. A bar without an asterisk indicates nonsignificant and *, **, or *** indicate significant at P # 0.05, 0.01, or 0.001, respectively. the morning or noon (Table 5) . A similar trend in uptake was observed for fresh and stored stems. Vase water of stems harvested at noon or in the afternoon had a greater increase (fresh stems) or decrease (stored stems) in pH and greater increase in vase water EC change than water having morningharvested stems. Moreover, pH of vase water of the fresh stems increased (0.7 units), whereas that of stored stems decreased (0.3 units). Vase water containing fresh stems had a greater increase in EC (0.07 dS · m ). For freshly harvested stems (without storage), stems harvested in the afternoon had less petal fading and stem collapse than stems harvested in the morning (Table 5) . Storage increased stem collapse and petal blackening, but no differences were observed for petal blackening between different times of harvest. Similar petal wilting and drying were observed for all treatments, which averaged 86% and 77%, respectively.
Fresh stems harvested at noon had lower LRWC compared with stored stems harvested in the morning (Table 4) . Moreover, during the first 7 d of vase life, LRWC of the afternoon-harvested stems decreased greatly compared with noon-or morning-harvested stems. Stems harvested in the morning and stored also tended to have higher LRWC at Day 0. Zinnia did not tolerate cold storage; therefore, no clear pattern was observed for carbohydrate levels of stems harvested at different times of the day. Among tissues, petals had higher glucose and fructose, whereas sucrose was higher in the stems or leaves (Fig. 3) . Fresh stems had lower glucose in the flower petals of afternoon-harvested stems. Sucrose was greater in afternoon-harvested stem tissues at Day 0 or 7 of vase life. Fructose levels were similar in all tissues except leaves of stems harvested in the afternoon and stored.
No differences were observed in any soluble sugar on Day 7 of vase life. However, total carbohydrates were significantly variable in different tissues (Table 2) . Petals had greater levels of sucrose, glucose, and fructose.
Discussion
Commercial cut flower growers harvest flowers early in the morning to process the stems the same day and to avoid exposure to field heat, which reduces quality. However, postharvest performance of cut lisianthus and marigold can be increased substantially by harvesting later in the day. Harvest time during the day not only affected cut flower longevity, but also water relations and carbohydrate status of cut lisianthus and marigold. The key finding of the present study was correlation of postharvest longevity of lisianthus and marigold with the harvest time of the day. Fresh stems of lisianthus and marigold harvested later in the day had 105% and 130% longer vase life, whereas stored stems had 154% and 181% longer vase life, respectively, compared with early morning harvested stems (Tables 1 and 3 ). Greater vase life extension was associated with higher carbohydrate accumulation in the stems during the day. These findings can assist cut flower growers to extend vase life by rescheduling the time stems are harvested during the day. Similar improvements in shelf life of sweet basil (Lange and Cameron, 1994) , baby salad (Clarkson et al., 2005) , broccoli (Hasperué et al., 2011) , and unrooted shoot-tip cuttings of lantana (Rapaka et al., 2007) were observed when harvested later in the day.
Harvest time of day had no effect on termination fresh and dry weights and fresh weight changes in any of the three tested species (Tables 3 and 5 ; lisianthus data not presented). Stems of lisianthus and zinnia had higher water uptake for afternoon harvests, whereas marigold stems harvested in early morning had higher water uptake (Tables 1,  3 , and 5). For all species, fresh stems had higher water uptake than stored stems. The higher water uptake of lisianthus and zinnia compared with marigold might be the result of larger leaf and petal area with a greater number of stomata increasing transpiration.
The smaller variation in EC for stored stems of lisianthus and zinnia as compared with unstored stems may have been the result of the considerably shorter vase life of stored stems. Moreover, deterioration of marigold stem tissues maintained in water during storage and during the vase period may also have increased pH and EC of the vase solutions.
Petal fading, wilting, or necrosis; stem bent neck; or leaf wilting were common symptoms of senescence in the three species tested. The studies involving marigold and zinnia were repeated and the results were similar to those reported here. Stems of lisianthus harvested at noon or in the afternoon had comparatively less petal fading and leaf wilting and at the same times of harvest, there was less petal drop and head collapse in marigold. All these findings suggest a role for carbohydrates in slowing senescence in afternoon-harvested stems compared with those harvested in early morning. Moreover, storage reduced carbohydrate levels, which may explain why adventitious rooting of marigold stems did not occur during the subsequent vase period.
Leaf water relations are hypothesized to follow a diurnal pattern controlled by stomatal opening in response to photoperiod and temperature (Taylor and Davies, 1985) . These relations can increase turgor pressure near the end of the photoperiod, which could also contribute to vase life extension of the cut stems. In the present study, fresh stems of zinnia harvested at noon had lower LRWC than stored stems harvested in the morning (Table  4) . For marigold, afternoon-harvested stems had the lowest LRWC on Day 7 of vase life when not stored. In addition, during the first 7 d of marigold vase life, LRWC greatly increased for unstored stems harvested in the morning and decreased for afternoonharvested stems. This might be the result of water use during photosynthesis throughout the light period (Clarkson et al., 2005) . King et al. (1982) reported leaf water relations affected chilling sensitivity of tomato seedlings in early morning. For lisianthus, LRWC was not influenced by harvest time or storage. Photosynthesis replenishes sugars metabolized or mobilized during the dark period. In the present study, a diurnal pattern of sugar accumulation was observed with greater amounts of sugars (particularly glucose and Fig. 3 . Effect of daily harvest time (0700 HR to 0800 HR, 1200 HR to 1300 HR, or 1700 HR to 1800 HR), storage duration (no storage or 2 weeks), and day of sampling after beginning of vase life determination (Day 0 or 7) on glucose (A-B), sucrose (C-D), and fructose (E-F) levels in stem, leaf, and petal tissues of 'Deep Red' zinnia. Each bar is a mean of three observations. A bar without an asterisk indicates nonsignificant and * or ** indicates significant at P # 0.05 or 0.01, respectively.
sucrose) accumulating during the day as a result of photosynthesis (Forney and Austin, 1988; Sicher et al., 1984) . Afternoon-harvested stems of marigold and zinnia had higher sucrose levels, whereas stems of lisianthus had higher levels of sucrose at noon than morning-harvested stems. Increased sugar concentrations in afternoon-harvested produce not only protects against harvest stress, but also against chilling injury as observed in seedlings of tomato (King et al., 1988) . Among tissues, petals initially had higher glucose, which increased further during vase life, presumably as a result of translocation from stem and leaves (Table 2 ; Figs. 1, 2, and 3). Sucrose was higher in stems and leaves, whereas fructose was greater in petals followed by leaves. During storage, a considerable decrease in glucose and sucrose was observed, likely as a result of metabolism or conversion to other sugars, whereas fructose levels were comparatively stable. Sucrose levels increased from morning to noon in leaves of all tested species but then decreased for afternoon-harvested stems. A similar response has also been reported by Rapaka et al. (2007) for shoot-tip cuttings of lantana and leaves of sugar beet (Beta vulgaris L.) by Fondy and Geiger (1982) . Fructose levels of all three species were higher in morningharvested stem tissues and noon-or afternoonharvested leaves and petals immediately after harvest, which was mobilized to petals during storage. Considerable decreases in fructose were detected during the first 7 d of vase life, presumably being consumed by metabolism. Considering all the results, stems harvested later in the day had overall higher accumulation of carbohydrates, particularly sucrose, than morning-harvested stems as a result of exposure to light, which delayed senescence. These findings corroborate the effect of carbohydrates on delaying postharvest senescence of cut stems of marigold and lisianthus and also broccoli as reported by Irving and Joyce (1995) . Conversely, zinnia harvested at different times of the day did not show differences in vase life. Statistically similar sugar levels were found for tissue samples of zinnia harvested at different times of the day and analyzed immediately after harvest. Klieber et al. (2002) have also reported similar results for Chinese cabbage (Brassica oleracea var. capitata L.) harvested at different times of the day. Data here indicate differences in species sensitivity to harvest time of the day with marigold exhibiting the greatest benefit from afternoon harvest followed by lisianthus.
Conclusions
This investigation demonstrated the potential impact of time of the day at harvest on postharvest longevity of cut lisianthus and marigold. No effect was observed in zinnia. Harvesting stems later in the day (1700 HR to 1800 HR) delayed postharvest senescence of cut marigold and lisianthus, but not zinnia, compared with morning-harvested stems. These results suggest growers may consider rescheduling the daily time of harvest of particular cut flowers for significant extension of postharvest longevity. Results here indicate that an afternoon harvest is necessary for extending vase life of some species like marigold and lisianthus. Moreover, the specific responses of particular species to harvest time of the day as reported here highlight the need to evaluate the phenomenon in other species and cultivars.
